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Abstract This research developed a simple and not
expensive DNA method for the qualitative identiWcation of
plant raw materials used as feed mixtures. SpeciWc simple
sequence tagged (STS) markers were developed to detect
faba bean (Lectin A gene), Weld pea (Convicilin A gene),
grain sorghum (UDP-glucosyltransferase gene) and barley
(Hordoindoline-a gene), whereas identiWcation of durum
and common wheat (lipid transfer protein gene), soybean
(Gly m Bd 30K allergen gene) and maize (invertase gene)
was carried out using markers available from the literature.
Cross-reactivity of the primer pairs was also checked
against oat, rye, kidney bean and lentil. The method was
eVectively applied to the analysis of Xour mixtures and
extruded feedstuV. It could be included in traceability and
certiWcation of animal feeding systems within high quality
animal production chains which are strictly related to the
production area by the valorisation of locally grown raw
materials.
Keywords Traceability · Feed · Molecular markers · 
STS · PCR
Introduction
Consumer’s interest toward high quality agricultural prod-
ucts has extended the meaning of product’s quality to all
steps of the production chain. This is true mainly for meat,
milk and dairy products, since the knowledge of the animal
production system, and in particular of the animal feeding
system, has been recognized as a further feature of Wnal
product quality. Moreover, feeding systems based on
locally produced forages and feeds give to animal products
a closer link to the area of origin, reXecting traditional sys-
tems of animal husbandry.
As a consequence, considerable attention has been given
recently to increase the cultivation of grain legumes such as
faba bean (Vicia faba L. subsp. minor) and Weld pea (Pisum
sativum L.) that could replace soybean (Glycine max (L.)
Merr.) meal as protein source. Moreover, barley (Hordeum
vulgare L.), grain sorghum (Sorghum bicolor L. Moench)
and other minor cereals could be revaluated as energy con-
centrates alternative to maize (Zea mays L.) grain. The
increased use of these raw materials in animal feeding also
stimulated farmers to reintroduce these crops in rational
crop rotations particularly suitable for areas where irriga-
tion is not practicable.
Several methods already applied to food traceability and
authentication could be used to develop certiWcation sys-
tems aimed at the qualitative and quantitative identiWcation
of the plant species used as raw materials for feedstuV pro-
duction, as reviewed by Da-Wen [1] and Lees [2]. In partic-
ular, DNA markers have already been extensively applied
for authentication and species identiWcation in food of ani-
mal and plant origin and to detect genetically modiWed
organisms (GMO) or contaminants in foods and Xour for
human consumption [3–8]. Moreover, advanced real-time
PCR protocols have been recently developed to detect plant
species within foods, such as pea in meat-based food [9] or
gluten-containing cereals in gluten-free products [10, 11].
However, the valorisation of local animal production
chains would beneWt of speciWc, simple, eYcient and not
expensive feed certiWcation systems. For this purpose DNA
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methods that could guarantee consumers about the feeding
system applied by the farmers. In the feed industry, PCR
methods have been used mainly to assay feedstuV contami-
nation with meat meal [12, 13], and less information is
available about the application of DNA markers to analyze
the composition of feed samples.
For this reason, a research has been carried out to
develop a simple and not expensive DNA-based analytical
method, which could be applied to certify animal feeding
systems based on locally produced raw materials, focusing
attention on Weld pea, faba bean, grain sorghum and barley
which have been underutilized as feed components since
the diVusion of commodities such as soybean and maize.
Therefore, the main objectives of the present research
were:
1. identiWcation of speciWc sequence tagged site (STS)
markers for Weld pea, faba bean, grain sorghum and
barley;
2. development of a qualitative PCR method for the iden-
tiWcation of faba bean, Weld pea, grain sorghum and
barley in feed mixtures including soybean, maize,
durum wheat (Triticum turgidum L. ssp. durum (Desf.)
Husn.) and common wheat (Triticum aestivum L. ssp.
aestivum (Vill.) MK), the most diVused raw materials
used by the feed industry;
3. test cross-reactivity of the primer pairs against species
that are not usually included in feed mixtures: oat, rye,
kidney bean and lentil.
Materials and methods
Plant material
Three legumes (faba bean, Weld pea and soybean) and Wve
cereals (barley, durum wheat, common wheat, sorghum and
maize), diVused as raw materials for feedstuV production,
were used. To improve accuracy, a large sample of varieties
was analyzed (Table 1). Few maize varieties were included
because of the well-known species-speciWcity of maize
DNA markers. Moreover, to increase information concern-
ing primer pair speciWcity, also oat (Avena sativa L., three
varieties: Bionda, Donata, Fulvia), rye (Secale cereale L.,
one Italian population), kidney bean (Phaseolus vulgaris
L., two varieties: Gipsy, Volturno) and lentil (Lens escu-
lenta Moench, two varieties: Gaia, Itaca) were added in the
present research.
Seeds were furnished by Centro Ricerche Produzioni
Animali (CRPA), Reggio Emilia, Italy (faba bean, Weld
pea, soybean), Centro Ricerche e Sperimentazione per il
Miglioramento Vegetale “N. Strampelli”, Tolentino, Italy
(barley, durum wheat, common wheat, oat, rye, lentil and
kidney bean), and Faculty of Agriculture, Università
Politecnica delle Marche (sorghum and maize).
DNA samples from fresh tissues of young plantlets were
used to test species speciWcity of primer pairs. Subse-
quently, a Xour sample was obtained for each species by
mixing and milling an equal amount of seeds of each avail-
able variety.
Moreover, a sample of an extruded feed, containing faba
bean, Weld pea and soybean, was included in the study to
test the eVectiveness of the method on a sample produced
by a technological treatment that could damage DNA
integrity.
Development of speciWc sequence tagged site (STS) 
markers
Primer pairs for STS speciWc markers were designed from
faba bean Lectin A (lecA), Weld pea Convicilin A (cvcA),
sorghum UDP-glucose glucosyltransferase (UGT) and bar-
ley Hordoindoline-a (Hin-a) genes (software PRIMER3:
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi).
STS markers already available from the literature were cho-
sen to detect soybean (Gly m Bd 30K allergen gene) and
maize (Invertase gene, ivr1) [14, 15], and a primer pair
amplifying the Lipid transfer protein (Ltp) gene was used to
detect both durum and common wheat DNA [5, 16]. Oligo-
nucleotides were purchased from SIGMA ALDRICH Co.
(St. Louis, MO, USA).
Test of primer pairs
DNA samples were extracted from fresh and healthy leaves
of six plantlets for each variety. Tissues were collected,
bulked, frozen with liquid nitrogen and grinded. DNA
extraction [17] was carried out using a CTAB buVer (2%
CTAB, 1.4 M NaCl, 20 mM EDTA, 100 mM Tris-base pH
8, 1% ß-mercaptoethanol) followed by phenol–chloroform
(1:1) puriWcation and 100% isopropanol alcohol precipita-
tion. Pellets were washed with ethanol (70%) and resus-
pended in TE (10 mM Tris–HCl, pH 8.0; 1 mM EDTA, pH
8.0). After RNAse treatment, DNA was precipitated with
ethanol (100%) and resuspended in TE.
DNA concentration was quantiWed by Xuorimetry
(DynaQuantTM 200, Hoefer Pharmacia Biotech Inc., San
Francisco, CA, USA). PCR ampliWcations were carried out
(GeneAMP PCR System 9700, Applied Biosystems) in a
volume of 25 l containing a Wnal concentration of 1£
reaction buVer, 25 ng of template DNA, 0.2 mM of each
dNTP, 2.5 mM MgCl2, 50 ng of each primer, 0.8 Taq poly-
merase units (Euroclone Life Science Division, Italy) and
nuclease free water. PCR reaction conditions were as fol-
lows: preheating (3 min at 94 °C); 8 touch-down cycles123
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decreasing temperature of 0.5 °C per cycle, elongation
(45 s at 72 °C); 27 cycles of denaturation (30 s at 94 °C),
annealing (30 s at temperature shown in Table 2), elonga-
tion (45 s at 72 °C); Wnal extension (5 min at 72 °C). A
template-free negative control was included in each PCR
run. PCR products (10 l) were analyzed by agarose gel
(1.5% w/v) electrophoresis in 1£ TBE (100 mM Tris Base,
100 mM Boric Acid, 2 mM EDTA) buVer at 100–120 V for
1–2 h.
Each DNA sample was subjected to PCR ampliWcation
using the universal 18S rRNA gene [3] to check DNA qual-
ity and all the primer pairs evaluated in this research. This
approach allowed to test at the same time DNA quality,
false positive and false negative results.
A qualitative scoring (presence/absence of the ampliWca-
tion product) was carried out to verify the species speciWc-
ity of the primers and the absence of cross-ampliWcations.
A primer pair was chosen to generate species-speciWc STS
marker when all the varieties of this species gave the
expected ampliWcation product, while all the varieties of
other species did not.
The experiment was planned following a hierarchical
experimental design where among the species DNA
ampliWcation ability of each primer pair was evaluated
using diVerent varieties nested within each species [18].
The use of a large number of varieties increased the eVec-
tiveness of testing the ability of each primer pair to detect
the among species variability. Moreover, it allowed the
potential identiWcation of within species sequence variation
in the gene targeted by the STS marker, resulting in ampli-
Wcation products diVering in size from expected ones or to
the lack of ampliWcation products. Each PCR was repli-
cated twice using two independent DNA extractions from
each variety to evaluate also the within variety repeatability
of the PCR results.
To increase information concerning primer pair speci-
Wcity, potential cross-reactivity was also tested against
oat, rye, kidney bean and lentil, that are not usually
included as raw materials in feedstuV. For these non-target
species, DNA quality was tested by PCR using universal 18S
rRNA gene primers [3], together with an oat speciWc
primer pair (Thionin gene, AveThio) and a primer pair
(Late embryogenesis protein gene) amplifying both
kidney bean and lentil DNA [5, 19]; moreover, the same
primer pair already applied for common and durum wheat
DNA ampliWcation (Ltp gene) also ampliWed rye DNA, as
previously reported [5].
Table 1 List of the varieties used to test the species speciWcity of the STS markers
a Total number of varieties analyzed for each species is reported in brackets
b Each variety was coded by a progressive number
Speciesa Varietiesb
Faba bean (19) 1 Albus, 2 Betty, 3 Castel, 4 Chiaro di Torre Lama, 5 Espresso, 6 Irena, 7 Lady, 8 Merkur, 9 Prothabat69, 
10 Prothabon101, 11 SaWr, 12 Scirocco, 13 Scuro di Torre Lama, 14 Sicania, 15 Vesuvio, 16 Vithabon, 
17 Vulcain, 18 Polo, 19 Spada.
Field pea (27) 20 Alliance, 21 Amical, 22 Apache, 23 Athos, 24 Attika, 25 Cartouche, 26 Chambord, 27 Cherokee, 
28 Cordial, 29 Starter, 30 Eden, 31 FDP960 15-21, 32 Galactic, 33 Hardy, 34 Iceberg, 35 Ideal, 
36 Isard, 37 Javlò, 38 Jovial, 39 PaciWc, 40 Pactol, 41 Pepone, 42 Prelude, 43 Royal, 44 Speleo, 
45 Spirale, 46 Standal.
Barley (24) 47 Alce, 48 Aldebaran, 49 Aliseo, 50 Amillis, 51 Amorosa, 52 Cometa, 53 Caramel, 54 Estival, 55 Federal, 
56 Kaleidos, 57 Ketos, 58 Marado, 59 Majorie, 60 Mattina, 61 Meseta, 62 Nikel, 63 Ninfa, 64 Nure, 
65 Panthesis, 66 Ponente, 67 Rodorz, 68 Sixtine, 69 Sonora, 70 Vega.
Durum wheat (30) 71 Anco Marzio, 72 Asdrubal, 73 Casanova, 74 Catervo, 75 Chiara, 76 Ciccio, 77 Claudio, 78 Creso, 
79 Dario, 80 Duilio, 81 Dylan, 82 Iride, 83 K26, 84 Neolatino, 85 Normanno, 86 Orfeo, 87 PR22D89, 
88 Saragolla, 89 SWnge, 90 Simeto, 91 Vendetta, 92 Achille, 93 Ariosto, 94 Caprì, 95 Colorado, 
96 Levante, 97 Meridiano, 98 Orobel, 99 PR22D40, 100 Virgilio.
Common wheat (25) 101 Abate, 102 Albachiara, 103 Anapo, 104 Apache, 105 Aquilante, 106 Artico, 107 Aubusson, 
108 Avorio, 109 Azzorre, 110 Bilancia, 111 Blasco, 112 Bokaro, 113 Bologna, 114 Botticelli, 
115 Copernico, 116 Egizio, 117 Exotic, 118 Generale, 119 Isengrain, 120 Mieti, 121 PR22R58, 
122 Profeta, 123 Sagittario, 124 Serpico, 125 Vittorio.
Grain sorghum (26) 126 Vivarais, 127 DK34, 128 Kalblanc, 129 Iside, 130 Kinggo, 131 Brise, 132 Queyras, 133 Brenus, 
134 Taxus, 135 Classus, 136 Marcus, 137 Favorite, 138 Angelus, 139 Arsenio, 140 Aralba, 141 Ardito, 
142 Armida, 143 PR88Y20, 144 Velox, 145 Talggo, 146 Reggal, 147 Jimggo, 148 Carggo, 149 Targga, 
150 Laggon, 151 Puma.
Soybean (24) 152 Aires, 153 Ascanubi, 154 Atlantic, 155 Blanca, 156 Borneo, 157 Colorado, 158 Dekabig, 159 Demetra, 
160 Fuku, 161 Goriziana, 162 Hilario, 163 Indian, 164 Nikir, 165 Nikko, 166 PaciWc, 167 Pedro, 
168 Pr91b92, 169 Pr91m10, 170 Pr92b63, 171 Regir, 172 Shama, 173 Sponsor, 174 Taira, 175 Zen.
Maize (2) 176 Tietar, 177 Famoso.123
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To carry out Xour analysis, DNA was extracted from 20 to
50 mg of each sample and ampliWed using Extract-N-Amp™
Seed PCR Kit (Sigma Aldrich Co.) following the manufac-
turer’s protocol. PCR and gel electrophoresis were carried out
as already described for testing primer speciWcity. This proto-
col was also applied to analyze the sample of extruded feed.
Table 2 Features of STS markers used to identify plant raw materials included in the feed mixtures analyzed
* Primer sequences developed in the present research
a Amplicon expected size (base pairs)
b Higher and lower annealing temperature (°C) of touchdown PCR
Taxon Primer pairs bpa GenBank ID Annealingb Reference
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ples of each Xour were tested by PCR using all the species-
speciWc primer pairs previously identiWed. For each
species, when DNA of at least one sub-sample ampliWed
the STS marker of non-target species, the whole Xour
sample was considered contaminated, and a new Xour was
prepared and PCR tested again for cross-contamination.
Submitting each Xour to these PCR tests also excluded the
risk of subsequent detection of false negatives due to DNA
degradation consequent to the milling process and/or the
presence of PCR inhibitors. Therefore, eight uncontami-
nated Xour samples, one for each species, were used to pre-
pare eight series of Xour mixtures, one for each species.
Within each series, Xour of the species under examination
was included at diVerent concentrations (0, 0.9, 5, 10 and
100%) and the remaining species were included at equal
amounts. The durum wheat Xour serial dilution was
obtained without including common wheat and vice versa.
DNA of each mixture was tested using all the STS species
speciWc markers. Within each serial dilution, the seven STS
markers were expected to be ampliWed in all the mixtures
but the 0% where only the STS marker of the species not
included should not be detected. Therefore, repeatability of
each STS marker was simultaneously tested by 40 PCR
reactions (5 Xour dilutions £ 8 species), the Ltp gene STS
marker being tested twice.
Concerning the 0% mix, possible false negative results were
avoided by the eVective DNA ampliWcation of STS markers
detecting the other species included in the mixture. Moreover,
each PCR ampliWcation was carried out in duplicate.
Results and discussion
STS marker development in Weld pea, faba bean, grain sor-
ghum and barley
A faba-bean speciWc STS marker (Table 2) was identiWed
within the coding region of the lecA gene [20; GenBank ID
no. AJ438490] by comparing pea, faba bean and soybean
lectin gene sequences. The primer pair (FbLecA1-F and
FbLecA1-R) ampliWed a 343-bp amplicon, which was pres-
ent only when DNA of faba bean varieties was used as tem-
plate for PCR reactions (Fig. 1a–c).
Nucleotide sequence of pea cvcA gene, including its 5
and 3 Xanking regions [21, GenBank ID no. X06398] was
compared to soybean conglycinin, pea vicilin and faba bean
vicilin genes. A primer pair (cvcA1-F and cvcA1-R) gener-
ating a 164-bp PCR amplicon was identiWed in the 3 Xank-
ing region (Table 2). DNA gel electrophoresis conWrmed
that the expected band was ampliWed only by genomic
DNA extracted from the 27 Weld pea varieties, whereas
none of the varieties belonging to the other species included
gave positive PCR ampliWcation (Fig. 1d–f). Therefore, this
STS marker proved to be an excellent marker for the identi-
Wcation of pea DNA in DNA mixtures.
A S. bicolor STS marker was developed from the mRNA
sequence (GenBankTM no. AF199453) of the UDP-
glucose:p-hydroxymandelonitrile-O-glucosyltransferase
(UGT) gene [22] that catalyzes the last step of dhurrin syn-
thesis. A sequence homology ranging between 63 and 88%
was found between Sorghum and the UGT gene sequences
Fig. 1 Test of STS marker species speciWcity in faba bean (a–c) and Weld pea (d–f). Lane numbers refer to the variety codes reported in Table 1123
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and japonica groups), common wheat and maize. The
primer pair SbUGT1-F and SbUGT1-R (Table 2) was
designed in the 3 end of the gene sequence and ampliWed a
165-bp product speciWc for Sorghum DNA.
The Hordoindoline-a gene has been already used for bar-
ley DNA identiWcation to detect contamination of chestnut
(Castanea sativa Miller) Xour [5]. Since the primer pair
used by these authors ampliWed also wheat Puroindoline-a
gene [5], for our purposes the Hin-a gene sequence [23;
GenBank ID no. DQ269851] was analyzed to Wnd a set of
barley-speciWc primers. The Hina-F and Hina-R primers
(Table 2) were chosen within regions of low sequence
homology with the wheat Puro-a gene and ampliWed a bar-
ley-speciWc 145 bp fragment. The results obtained with the
Hin-a marker were conWrmed by the use of the hordein
gene marker [24] (data not shown).
STS markers of soybean, maize, durum and common wheat
Detection of soybean DNA was carried out using the set of
primers Gly30K-6F and Gly30K-6R developed for the spe-
ciWc ampliWcation of a 208-bp product from the nucleotide
sequence of the soybean allergen Gly m Bd 30K DNA.
This marker was chosen since its speciWcity was previously
evaluated including DNA of faba bean, pea and other
legumes as negative controls [14]. Our test for primer pair
speciWcity conWrmed that this marker ampliWed a fragment
of the expected size only when DNA of the 24 soybean
varieties was used, whereas genomic DNA of the remaining
legumes and cereals included in the present research never
showed PCR ampliWcation products.
The importance of maize as a commodity and the need
for accurate and repeatable methods for genetically modi-
Wed maize quantiWcation has triggered the development of
PCR systems for maize speciWc DNA quantiWcation. Partic-
ular interest for the aim of the present research was
addressed to the use of maize primer pairs already available
and whose speciWcity was previously tested against a wide
range of species of diVerent families including almost all
the species involved in the present research. In the present
research the primer pair ivr7 and ivr9 [15] was used for the
qualitative PCR ampliWcation of a 248-bp maize sequence
of the invertase gene (ivr1). As expected, this primer pair
detected the PCR ampliWcation product of desired size from
maize without cross-reaction with any of the other species
including Weld pea, which was not previously evaluated.
AmpliWcation of durum and common wheat DNA was
realized by the Ltp gene primer pair already used for chest-
nut Xour analysis that also ampliWes rye DNA [5]. This
cross-reactivity with rye did not inXuence the applicability
of our method, since durum and common wheat are usually
included in feed mixtures as wheat by-products of pasta or
bread industry, whereas rye is not generally utilized for ani-
mal feeding. For the purposes of the present research, this
primer set simpliWed the identiWcation of wheat DNA, since
a single PCR detected the expected 262 bp amplicon in all
durum and common wheat varieties and since rye was not
used in Xour mixture analysis. However, wheat- and rye-
speciWc STS markers could be used if discrimination
between these two species would be requested [24].
Cross-reactivity of STS markers with lentil, kidney bean, 
oat and rye
Figure 2 shows that high quality of DNA was extracted
from the lentil, kidney bean, oat and rye varieties, as tested
by the 18S rRNA gene (Fig. 2a). Species speciWcities of
lentil and kidney bean, oat and rye DNA markers are shown
in Fig. 2b–d. In the test for rye marker speciWcity, a wheat
DNA sample (mix of durum and common wheat) was
included in the lane assigned to the positive control, since
the Ltp gene marker is also ampliWed by both durum and
common wheat, whereas for lentil, kidney bean and oat
positive controls were not used. Interestingly, the late
embryogenesis protein marker ampliWcation products of
lentil and kidney bean showed diVerent sizes, lentil ampli-
con being slightly shorter than the kidney bean one
(Fig. 2b). This could help to distinguish these two species
using a single STS marker.
Figure 2e–l shows that all the primer pairs developed in
the present research to identify faba bean, Weld pea, sor-
ghum and barley, and also primer pairs chosen to detect
soybean and maize did not amplify rye, oat, lentil and kid-
ney bean DNA. In these tests, one DNA sample of the spe-
cies speciWcally detected by each primer pair was included
as positive ampliWcation control.
Flour mixture analysis
Within each Xour serial dilution, the 0% mixture always
ampliWed the DNA of all the species but the one which was
not present in the mixture. Moreover, each species was
always detected even though it was added at a low amount
(0.9, 5 and 10%) as component of the Xour mix, and analy-
sis of the 100% component of each dilution series (pure
DNA of each species) showed only the STS marker of the
species under examination.
Figure 3 summarizes the results obtained for faba bean
(Fig. 3a, b) and Weld pea (Fig. 3c–e). The faba bean 0%
dilution did not show the faba bean STS marker (Fig. 3a),
but it ampliWed the pea-speciWc STS marker (Fig. 3d). The
same behavior characterized the 0% mix of the Weld pea
Xour dilution series, as shown in Fig. 3b, c. Moreover, faba
bean (Fig. 3a, b) and Weld pea (Fig. 3c–e) STS-speciWc
markers were always detected in all the Xour mixtures123
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tion within the dilution series of wheat, grain sorghum and
barley are reported in Fig. 3f–h. Only wheat and grain sor-
ghum primer sets (Fig. 3 f, g) gave ampliWcation products,
whose intensity was related to the amount of tissue
included in the mix. For all the remaining species the PCR
product intensity was almost similar across all the Xour
serial dilutions (Fig. 3a, c, h).
Results of the present research underline that the PCR
approach detected the presence of a species even though it
was included in a Xour mix at a concentration of 0.9%,
which is presently used to deWne a technically unavoidable
feedstuV contamination [25]. DNA extracted from Xour
mixtures behaved as DNA extracted from young leaves tis-
sue, conWrming the eVectiveness of the primer sets chosen
for the qualitative evaluation of Xour mixtures. Therefore,
results of the qualitative PCR analyses of Xour mixtures
conWrmed that the set of STS markers can be eVectively
applied to identify the species included as components of a
feed.
Analysis of extruded feed sample
The applicability of the method to feedstuV produced by
technological treatments that could damage DNA integrity
was tested using a sample of an extruded mix of soybean
Fig. 2 Cross-reactivity test of 
STS markers with lentil, kidney 
bean, oat and rye. *Variety 
names Rye1: Italian population; 
Oat1: Bionda; Oat2: Donata; 
Oat3: Fulvia; Lentil1: Gaia; 
Lentil2: Itaca; Kidney Bean1: 
Gipsy; Kidney Bean2: Volturno123
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dairy farm of the Marche region. The grains were mixed,
milled, and the Xour mixture was extruded at 115 °C and
high pressure. DNA analysis conWrmed the presence of the
three species initially included as raw materials, which
were detected by the STS markers as clear ampliWcation
products (Fig. 4). Wheat, sorghum and barley DNA were
absent, whereas a slight maize contamination was evi-
denced by a faint PCR product detected by the ivr1 marker.
Therefore, correct identiWcation of qualitative mix compo-
sition was obtained. Moreover, the presence of maize as a
contamination, probably due to the presence of maize Xour
residues in the milling facility, was detected. In fact, the
farm uses the extruded mix as part (30%) of the concen-
trates included in the Wnal ration, which also contains a
Xour mix (70%) of maize, faba bean and Weld pea as energy
and protein sources. Therefore, the mill is used by the farm
to separately produce both the Xour mix that will be
extruded and the untreated Xour mix containing maize. As a
consequence, traces of maize could be easily detected also
within the extruded mix, as evidenced by the results of the
DNA analysis that conWrmed also the high sensitivity of the
method.
Repeatability
During the test of primer speciWcity few false-positives
were identiWed: one for the cvcA pea marker, two for the
UGT sorghum marker, two for the Hin-a barley marker and
two for the Ltp wheat/rye marker. Therefore, false positives
appeared at low frequency and their presence was always
detected for one out of the two independent DNA samples
analyzed for each variety, suggesting they were due to
DNA contamination instead of lack of primer pair species
speciWcity. However, when false-positive samples were
detected, two independent DNA samples of the variety
Fig. 3 Analysis of Xour dilution series carried out with faba bean
(a, b), Weld pea (c–e), wheat (f), grain sorghum (g) and barley (h) STS
markers. Lane numbers shown under the species names refer to the
relative percentage of the species under examination in the Xour mix.
Positive and negative controls are coded as “100” and “no DNA” lanes
Fig. 4 Detection of STS species 
speciWc markers in the extruded 
feed sample was carried out in 
duplicate (a), together with a 
positive (left lane) and negative 
(right lane) control (b)123
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PCR ampliWcation always conWrmed that they were due to
accidental DNA contamination. False-negative results, that
is the absence of one ampliWcation product when it was
expected to be present, were never detected. The analysis
concerning Xour mixtures and the extruded feed sample did
not detect false positive or negative results.
Therefore, our approach suggests that two replicates of
each DNA extraction could be suYcient to test both primer
pair species-speciWcity and eVectiveness of the PCR ampli-
Wcation conditions. The use of the present method for feed-
stuV analysis should therefore foresee at least two
independent samples of DNA for each feed mixture tested.
Conclusions
Use of protein and energy concentrates as Xour mixture is
widely diVused in animal feeding systems, since it is
cheaper than use of technologically treated feedstuV. More-
over, it represents a simple way, easily aVordable by the
farmers, to prepare on farm the feed mixture using raw
materials and by-products of the farm itself. In Central
Italy, and in particular in the Marche region, this traditional
feeding system is still widely diVused in small farms of the
inner part of the region where agriculture is strongly inXu-
enced by the environmental conditions, especially by the
lack of irrigation during late spring and summer. These
farms constitute a network of producers characterized by a
high quality animal production chain often based on a “on
farm” commercialization of the Wnal products.
Recently, consumers have increased their attention
toward local animal products obtained by production chains
strictly related with the territory of origin. This aspect
opened a new market for those farms interested in the eco-
nomic valorisation of their products by exploiting the “from
producer to consumer” commercialization system. How-
ever, an objective and not expensive method of feed certiW-
cation aimed at showing which raw materials are used by
single farms as ingredients for their animal feeding system
is not available. On the other hand, the valorisation of these
local production chains could beneWt of a DNA method that
could be applied within wider traceability systems. In fact,
the main link of animal products to the area of production
should be focused on the raw materials chosen as feedstuV
and forage, since most, if not all, of the feed components
should be legumes and cereals cultivated in the area where
the farms are located.
The results of the present research show that a simple
method based on qualitative DNA analysis carried out
by PCR could represent a rapid and cheap strategy to
certify local animal production chains. The eVectiveness
of this approach is conWrmed by the large number of
diVerent varieties tested to evaluate STS markers’ spe-
cies speciWcity.
Application of this method will help focusing the atten-
tion of consumers on all the steps of local animal produc-
tion chains by a precise, controlled and certiWed analytical
system. Therefore, this PCR approach could represent the
Wrst step for a large-scale certiWcation program, which
could be applied at regional level to create a network of
farms that could be identiWed and distinguished based on
their animal feeding system. As a consequence, this
increased request of local-certiWed products could also
stimulate the reintroduction of the cultivation of grain
legumes and cereals for animal feeding which have been
almost completely neglected due to the prevalent use of
commodities such as maize and soybean. Based on the
results of the present research, the DNA approach will be
extended to other forage and grain crops, to widen the
range of possible combination of raw materials that could
characterize a local animal feeding system.
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